Objective: The effects of energy source on the maintenance of sinus rhythm and the contribution of demographic characteristics to the case selection in patients submitted to ablation performed concurrently with mitral valve surgery were analyzed.
INTRODUCTION
Atrial fibrillation (AF) is the most common cause of arrhythmia and its incidence increases with age. The prevalence in developed countries is 1.5-2%. It reaches 17% in advanced age and 80% for mitral valve disease [1] . It increases the risk of thromboembolism by sixteen times (the incidence of stroke is 5-10% in patients with AF whereas it is 0.3% in the normal population) [2] . It is known that cardiovascular mortality is doubled by AF [2] . According to the American Heart Association (AHA), 70,000 patients a year are referred to hospitals due to at least for three months (persistent AF) without previous history of ablation and underwent mitral and/or tricuspid valve surgery, concomitantly with surgical AF ablation. Cases with a history of such diseases leading to dysrhythmia through electrolyte irregularities as diabetes mellitus, thyroid and renal dysfunction, and cases of infective endocarditis requiring complex treatment were excluded. In the study, information from the hospital patient database and the patient's telephone records were used. The operations were performed by three different primary surgeons. All operations were performed under cardiopulmonary bypass. Cases requiring additional intervention were excluded from the study. The mean age of the cases was 50.1 (Max-Min = 27-68; 52.1% female). In 89 cases, median sternotomy was performed whereas right mini-thoracotomy was the approach of choice in seven cases. Electrocardiogram (ECG) and/or Holter recordings obtained at follow-up visits performed on the 1 st , 3 rd , 6
th and 15 th postoperative days and 12 th postoperative month by patients following one-week hospitalization were used to investigate the AF recurrence. A 24-hour Holter monitoring was performed in cases with a 6-month interval. At the control visits, the presence of acute inflammation, infection and related complications were evaluated with blood tests and physical examination (Table 1) .
Ablation Method
Cryothermal energy (AtriCure ® cryoICE BOX surgical ablation system, model cryoICE BOX2-230 VAC) was used as an energy source for ablation in 42 (43.8%) patients, while bipolar radiofrequency energy was used in 54 (56.3%) patients (AtriCure ® Articulating Jaw, Isolator Synergy Access ® ). In all cases, the biatrial ablation technique shown in Figure 1 was applied. Access to atrioventricular valves and/or atria done through superior septal incision in the cases with median sternotomy, while in those with the thoracotomy was performed through the separate left and right atriotomies. Because of the ease of manipulation, CrA was preferred in cases of thoracotomy. Ablation procedure was performed based on the incision lines described in Figure 1 . The same procedure was preferred for both cryothermal and radiofrequency ablation. Ablation was performed prior to valve replacement and division of the left atrial appendage. The left atrial appendix was closed using 4.0 Prolene sutures. Ablation procedure took 10-15 min for RFA and 25-30 min for CrA.
Follow-up Protocol
In the first 3 postoperative days, all cases were followed by continuous ECG monitoring. Perioperative amiodarone hydrochloride infusion (intravenous in 5% dextrose, 10-15 mg/ kg/24h) was started according to the protocol applied in our clinic. Treatment with amiodarone hydrochloride (200 mg twice a day postoperative) and indomethacin (25 mg twice a day p.o.) was continued for 3 months in patients with oral intake. Three months later, metoprolol tartrate therapy (100 mg once a day postoperative) was started. During an average of 7 days of hospitalization, the heart rate was followed by daily ECG recording. Patients were called for control visits on the 1   st   , 3   rd   ,  6 th and 15 th postoperative days and 12 months after discharge. The patients were examined in terms of inflammation, infection, AF [2] . Additional complications such as hemodynamic instability, palpitation, fainting, increased duration of total hospitalization, and side effects due to pharmacological treatment applied are also observed [3] . For this reason, the Heart Rhythm Society (HRS)/ European Heart Rhythm Association (EHRA)/ European Cardiac Arrhythmia Society (ECAS) guidelines recommend treatment of AF with ablation if cardiac surgery is performed for concomitant pathology [4] . Since Cox's surgical AF ablation reported the cut-and-sew technique in 1987, only 38% of the valve replacement procedures have been coupled with AF ablation [5] . Although it was reported in the first years that sinus rhythm and conduction pathways were preserved, this did not relieve surgeon's concerns. In the following years, there was renewed interest among surgeons for maze procedure, after reporting that alternative sources of energy (e.g., radiofrequency, ultrasound and cryothermal) could create transmural lesions. The purpose of the ablation is to synchronize the atrium and the ventricles by inhibiting reentry in macroreentrant circuits and reducing the surface area to which the electrical activity of the atrium is confined, in addition to ablation of focal atrial triggers [6] . In order to the procedure to be effective, it is important to create transmural lesions, not disrupt the atrium functions and damage surrounding tissues [7] . Although there are many studies showing the success of the Cox maze IV method, only a small number of studies comparing energy sources and focused on the causes of AF recurrence is present. Despite the initial successful results with bipolar cautery, it had disadvantages such as difficulties in handling and controlling energy, clot formation in the atrium, rupture of the atrium, and damage to surrounding tissues. Due to the risk of esophageal and coronary artery injury, in particular, the method has gradually given way to the radiofrequency ablation (RFA). Radiofrequency is a hyperthermic energy, producing transmural lesions. Alternatively, cryothermal ablation (CrA) produces lesions similar to the classical Cox maze procedure by freezing tissues and causing cellular damage at temperatures of −60/−70°C with nitrous oxide supplementation. Despite the advantages of the formation of transmural lesions and low risk of perforation and thromboembolism, the length of the application period is a disadvantage.
In our study, we investigated the maintenance rate of postoperative sinus rhythm and the factors affecting it in cases involving concomitant AF ablation with mitral valve surgery and tried to determine whether there is a causal relationship with the energy source (RFA and CrA) used. We also tried to determine the cumulative effect of the risk factors on the maintenance of sinus rhythm and their contribution to appropriate case selection.
METHODS

Patients
The study was planned as a retrospective case-control study with the approval of our institution's ethics committee. The study included 96 patients who underwent either RFA or CrA procedures concomitant with mitral valve replacement and tricuspid valve repair between June 2014 and May 2018. The cases were randomly selected among patients with preoperative AF rhythm Vural Ü, et al. -Radiofrequency Ablation versus Cryoablation applied to cases detected early. Patients who did not respond to maximal antiarrhythmic treatment and electrical cardioversion were referred to cardiology for catheter ablation
Statistical Analysis
Statistical Package for Social Sciences Statistical Software version 18.0 (SPSS Inc., Chicago, Il, USA) was used in our singlecenter retrospective case-control study. Continuous variables stroke and rhythm disturbances, as well as the need for further treatment. Rhythm follow-up was done with ECG recording in the routine with Holter monitoring in the 6 th and 12 th months. In cases with permanent pacemaker insertion due to complete atrioventricular block developed postoperatively, pacemaker follow-up was performed. Antiarrhythmic therapy of patients with a heart rate below 60 beats/min was discontinued. In patients with recurrent AF, antiarrhythmic therapy was restarted and 24-hour ECG monitoring was performed. Electrical cardioversion was Figure 2 ). There was no mortality during followup. In the CrA group, postoperative transient cerebral ischemic were expressed as mean and standard deviation, while Student t-test was used for the comparisons. Paired samples t-test was used in the analysis of the dependent data. Categorical and nominal variables were expressed in terms of number and percentage (%). The relationship status was determined by chi-square, Fisher's exact test, and continuity correction tests. Multinomial logistic and linear regression analyzes were used to determine the factors affecting maintenance of sinus rhythm by analyzing age, gender, left ventricular ejection fraction (LVEF), the presence of chronic obstructive pulmonary disease (COPD), type of energy source, length of hospital stay, body mass index (BMI), left atrial diameter, cross-clamping time and C-reactive protein (CRP) levels. The cut-off points of risk factors detected in cases with postoperative AF recurrence were determined by receiver operating characteristic (ROC) analysis. The cumulative effect of AF at one year and the significance level by months were tested by Kaplan-Meier survey analysis. The results were considered significant when the two-sided P-value was <0.05.
RESULTS
Bipolar RFA was used in 54 patients (56.3%, 24 females) while CrA was used in 42 patients (43.8%, 26 females). There were no significant differences between the demographic characteristics of the groups, except age and cross-clamping time. Distribution of demographic and operative characteristics is shown in Table 1 . Maintenance rates of sinus rhythm in the CrA and RFA groups were 97.6% and 96.3% in the early postoperative period, and 88.1% and 83.3% in the 12 th postoperative month (mean 85.4%), respectively. No significant difference was found between the groups in relation to the energy source used in attack was observed in one (2.3%) case. In the bipolar RFA group, perioperative posterior wall rupture was observed in one (1.8%) case, hemiplegia in one (1.8%) case and permanent pacemaker need in one (1.8%) case. The wall rupture was sutured without additional complications.
In the postoperative follow-up, the causal relationship between AF recurrence and left atrial diameter, CRP level, hypertension, LVEF, COPD and BMI was found (Table 2; Figures 3-6; P<0.05 ).
There was a moderate correlation (37.4%) between left atrial diameter and AF recurrence (P=0.001; r=0.374; Figure  3 ). Sensitivity and specificity of left atrial diameter with a cutoff value of 50.5 mm for the maintenance of the sinus rhythm were 85.7% and 70.7%, respectively (area=0.805; P=0.001; 95% CI=0.687-0.923; Figure 5 ).
The mean preoperative CRP value was 4.5 mg/dL. There was a moderate positive correlation between AF recurrence and CRP level on the 15 th postoperative day and at the 1 st postoperative month (P=0.001; r=0.321 and P=0.001; r=0.324, respectively; Figure  3D ), whereas no correlation was found between AF recurrence and CRP on the 1 st postoperative day (P=0.193; r=0.134). In the ROC analysis, the CRP level on the 15 th postoperative day with a cut-off value of 12 mg/dL showed sensitivity of 83.3% and specificity of 88.9% (area=0.873; P=0.002; 98% CI=0.804-0.942). Sensitivity and specificity of CRP level at a cut-off value of 4.5 mg/ dL for the maintenance of the sinus rhythm at 1 st postoperative month were 66.7% and 87.8%, respectively (area=0.879; P=0.046, 95% CI = 0.789-0.968; Table 1; Figure 5 ).
As BMI values increased, the AF recurrence rate increased significantly. The increase in BMI affected AF recurrence by 3.2 times (P=0.001; r=0.442; Figures 3 and 5 ). In cases with BMI>30 kg/m 2 (14.6%; 14 cases), recurrent AF frequency (35.7%; 5 cases) was significant ( Table 2 ). In the ROC analysis, the sensitivity of the BMI at 30 kg/m 2 cut-off was 35.7%, while the specificity was 89% (area=0.816; P=0.001; 95% CI=0.720-0.911).
The mean value of LVEF was 49.3% (35-60%). As LVEF decreased, AF recurrence increased (40.1%), indicating a moderate inverse correlation (P=0.001; r=−0.401). Sensitivity at 37.5% cut-off value of LVEF in ROC analysis was 96.3%, while the specificity was 11.4% (area=0.825; P=0.001; 95% CI=0.711-0.939; Figures 3 and 5) . Figure 5 ). Postoperative intensive antiarrhythmic therapy was initiated in all cases and continued for 3 months. Electrical cardioversion was applied in 3 (3.1%) cases in one year. Additional catheter ablation was performed for 2 (14%) of 14 (14.1%) patients who developed AF at annual follow-up. No mortality was observed.
It was found that 15.7% of all cases had hypertension. Considering the prevalence of hypertension in patients with AF (50%), this ratio was nonspecific in our study, which included only valvular patients. 
Fig. 4 -The change in CRP levels in relation to the cases with and without AF recurrence and the significance ratios according to Cox regression analysis. CRP=C-reactive protein
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Fig. 5 -ROC curve analysis graphs of factors affecting AF recurrence. AF=atrial fibrillation; BMI=body mass index; LA=left atrium; LVEF=left ventricular ejection fraction
is understood from the studies performed by McCarthy et al. [12] that there are significant differences in quality of life among patients with AF who underwent simultaneous AF ablation with valve replacement compared with patients who had valve replacement without AF ablation. Bipolar RFA and CrA are the most frequently recommended techniques for ablation during mitral valve replacement [13, 14] . Bipolar RFA works according to the principle of lesion formation through a transmural hyperthermic heat exchanger clamp in endocardial and epicardial tissues. Feedback information on whether these lesions were transmural or not was effective in the transition from unipolar to bipolar systems. Bipolar RFA devices have been used in our hospital since 2007, but after 2014, nitrous oxide-based CrA devices were preferred. Cryotherapy works through the Joule-Thomson effect, cooling the tissues. The intracellular ice formation, which can be monitored intraoperatively, results in necrosis of the cell [13] . Transmural lesion with CrA was demonstrated histologically in experimental sheep models in endocardial and epicardial applications [14] . It has advantages such as visual confirmation of ice formation, formation of progressive transmural lesions, low risk of injury to neighboring tissues and no reports of injuries in the valve leaflet, phrenic nerve and coronary arteries provided in the literature, even though it is relatively early. The length of the application is the disadvantage of CrA, which has been shown to have no effect on morbidity and mortality [15] . Brick et al. [15] reported in their meta-analysis of 19 articles that found no difference between the one year success rates of sinus rhythm maintaining after RFA
DISCUSSION
From 1987 to 1992, when the Cox maze procedure was reported for the first time, continuity of sinus rhythm was reported to be 85-98% in the Cox maze III procedure, which was developed through experiments with dog models [7] . In a meta-analysis involving six studies, the maintenance rate of sinus rhythm in a one-year follow-up of 97 cases undergoing mitral valve replacement was reported as being 44% for those undergoing concomitant RFA and 4.5% for those without RFA [8] .
In a meta-analysis involving randomized and non-randomized controlled trials, Barnett and Ad [9] reported higher rates of sinus rhythm restoration (94%) in patients undergoing AF ablation in addition to cardiac surgery than in those patients undergoing cardiac surgery alone (4.4%). The limiting characteristic of the original cut-and-sew technique was the fear of surgeons arising from the complexity of the procedure, as well as the increased possibility of complete atrioventricular block and other complications. For this reason, the Cox maze IV procedure, which produces transmural lesions with different energy sources, was developed. In a study by Lall et al. [10] , maintenance rates of sinus rhythm for one year follow-up after Cox maze III and IV procedures were found to be 96% and 93%, respectively. The success rate of concomitantly performed AF ablations was 67-84% in retrospective reports [11] . The variation in the studies was due to different lesion lines, different sources of energy, surgeon experience and follow-up strategies. In our study, the maintenance rate of sinus rhythm was 85.4% at one-year follow-up. Our results were similar to those of the literature. It
Fig. 6 -Factors correlated with AF recurrence after ablation (r correlation coefficient of significance at P<0.05 were taken). AF=atrial fibrillation; COPD=chronic obstructive pulmonary disease; CRP=C-reactive protein; LA=left atrium; LVEF=left ventricular ejection fraction
It is not sufficient to use only intermittent ECG records in the long-term follow-up of patients with restored sinus rhythm due of the possibility that rhythm is caught in a short and transient period of sinus node activity, and thus, a paroxysmal atrial arrhythmia may go unnoticed. For this reason, we think that it is best to use a 24-hour Holter ECG or rhythm monitor, especially in the early period. In our cases, we performed Holter monitoring every 6 months. Continuous ECG monitoring was performed in cases with recurrent AF. Therapeutic modalities such as antiarrhythmic therapy and cardioversion were applied in the recurrent AF cases detected at 12 months of follow-up.
After the operation, amiodarone and nonsteroidal antiinflammatory drug therapy were applied for 3 months, considering the catecholamine increase and metabolic inducers. The first 3 months after ablation are called the "blind period". In this period, antiarrhythmics may prevent early AF recurrence triggered by ablated tissue-derived rhythm disorders (proarrhythmias) [22] . Amiodarone also provides rate control against arrhythmia.
Restoration of sinus rhythm after ablation is an independent predictor of successful ablation in the 12 th postoperative month. Damiano et al. [23] found high rates of AF recurrence at a 12 th postoperative month in patients with atrial tachycardia in the early postoperative period. AF recurrence was observed in 6 of 14 (42.9%) cases in the first 15 days (Figure 2 ). We think that early AF recurrence is caused by the intense effect of proarrhythmic factors.
Since the early 2000's, researchers have argued that AF is caused by inflammatory processes. The study results have shown that there is a correlation between CRP and inflammation [24] . However, the effect of inflammation on the left atrium size and the pathogenesis of the dysrhythmias is controversial. Psychari et al. [24] found a significant association between AF occurrence and CRP and interleukin-6 levels in their study of 90 patients. In their study of 50 patients with and without persistent AF, Watanabe et al. [25] reported that the left ventricular mass and increased left ventricular end-diastolic diameter were determinants of CRP elevation and AF persistence. In our study, CRP levels were found to be high but not significant on the 1 st postoperative day. On the 15 th postoperative day, the sensitivity and specificity of CRP in terms of effect on AF recurrence with a cut-off value of 12 mg/ dL were found to be 83.3% and 88.9%, respectively (area=0.873; P=0.002; 98% CI=0.804-0.942; Figures 2-4) . The sensitivity and specificity ratios at 1 st postoperative month for CRP with a cut-off value of 4.5 mg/dL were 66.7% and 87.8%, respectively (area=0.879; P=0.046; 95% CI=0.789-0.968; Table 1 ). The effect of energy sources on postoperative CRP level was not significant (P>0.05; Table 1 ).
Funatsu et al. [19] reported that AF recurrence rate after ablation was increased when the left atrium size was ≥70 mm and AF had been present over 10 years. Some studies have reported that left atrium diameter greater than 60 mm and the presence of hypertension are independent risk factors for unsuccessful ablation [23] . Although the effect of left atrium diameter on primary AF is supported, there is insufficient data on whether left atrium diameter after ablation is a predictor for AF recurrence. In our study, sensitivity and specificity ratios of left atrium diameter for AF recurrence with a cut-off value of 50.5 mm were 85.7% and (67-96%) and CrA (65.5-97.7%). In concomitant interventions, the maintenance rate of one year sinus rhythm was 83.3% for bipolar RFA and 88.1% for CrA (Figure 2) . However, the effect of energy sources on AF recurrence was not significant.
Although Cox maze IV procedure is applicable in both atriums, there are publications in recent years reporting that only left atrial ablation could have been sufficient [16] . In a study by Gillinov et al. [17] comparing biatrial AF ablation with left atrial AF ablation, the biatrial ablation technique was significantly superior to the other. However, in the studies of Worku et al. [18] , the rate of persistent pacemaker implantation after biatrial AF ablation was reported as significantly higher. In 268 cases of biatrial cryothermal Cox maze IV procedure performed by Funatsu et al. [19] , the rate of sinus rhythm restoration in permanent AF was reported to be 80.2%, while the need for permanent pacemaker was 8.3%. The need for permanent pacemaker can be explained by the preoperative undetected sinus node dysfunction of patients with AF. The incidence of pacemaker implantation is also high in the routine follow-up of these cases [20] . The fact is that surgical ablation performed only in the left atrium may be satisfactory, but the increase in flatter incidence from the right atrium after surgery is inevitable. For this reason, biatrial ablation should be preferred, especially in cases with a history of the atrial flutter [19] . Permanent pacemaker requirement was seen in only one (1.8%) of our patients who underwent RFA. Our rate of sinus rhythm per year was similar to that of the literature. Our opinion is that it is correct for the surgeon to make a case-based decision on the method of ablation.
Bipolar RFA is not used in minimally invasive procedures because of the difficulties encountered in the complete realization of Cox's maze lesions and its ability to allow only the pulmonary vein isolation, which we refer to as "box lesions". However, CrA is more advantageous in minimally invasive procedures, since the tip of the catheter used can be put in any desired shape.
Analyzes have shown that ablation does not increase operative mortality, and, on the contrary, reduces late mortality and morbidity since it reduces postoperative thromboembolic risk [15] . Phan et al. [20] found no significant difference in postoperative stroke and mortality between two groups of patients, one with concomitant AF ablation and the other without it. There was no mortality in our study. One (1.8%) case had a stroke in the late period. Gillinov et al. [17] reported 3% incidence of stroke for one-year follow-up. Our stroke rate was much lower than the risk of AF induced thromboembolism (10-20%), even if the risk of valve thrombosis was added. Despite the prolonged duration of cardiopulmonary bypass, there was no difference in terms of stroke and mortality in the CrA group.
Complications such as esophageal and coronary arterial damage that occurred in the first applications are gradually reduced with the introduction of new energy sources [21] . In a published report of esophageal perforations after surgical AF ablation, 26 of 29 cases of esophageal perforation were reported to have occurred after RFA and one case after CrA [21] . No esophageal perforation was detected in our cases. In only one case, there was minimal damage to the posterior wall of the left atrium after bipolar RFA. The damage was repaired without additional complications. necessity in all cases where cardiac surgery is planned. In our cases with bipolar RFA and CrA, we found acceptable rates of AF recurrence, mortality and stroke at one-year follow-up. Even if there is no difference between the efficiency of the energy systems we used, an increase in the demand for alternative systems will occur in a world moving toward less invasive procedures. We believe that controlling risk factors and following appropriate medical procedures are as effective as surgical procedure and energy source on sinus rhythm maintenance. However, we believe that if cardiologists and surgeons interested in electrophysiology work together with a multidisciplinary team approach in choosing the right patient and procedure, success rate first and then quality of life will increase. 70.7%, respectively. Left atrium diameter was greater than 50.5 mm in 12 (85.7%) of the 14 patients with recurrent AF. Our results are similar to those of Chavez et al. [11] . Ducceschi et al. [26] reported that, in a series of 150 cases (BMI >30 kg/m 2 ), AF was more common in obese patients. Adipose tissue is an active endocrine organ that secretes many hormones and cytokines (TNF-α, IL-6, IL-8), such as leptin, resistin and adiponectin. These cytokines lead to systemic inflammation and affect insulin resistance and pulmonary function [24] . This causes left atrium growth and contributes to irregularity in electrolyte metabolism. Recurrent AF was more frequent in our cases with postoperative BMI >30 kg/m 2 (14 cases) and the difference was significant ( Table  2 ; Figures 3 to 6 ). Sensitivity and specificity of obesity were 35.7% and 89%, respectively, in terms of AF recurrence with a cut-off value of 30 kg m 2 (area=0.816; P=0.001; 95% CI=0.720-0.911). The increase in BMI affected AF recurrence by 3.2-fold.
The prevalence of hypertension in developed countries is around 25-30% [27] . Cohort studies showed the presence of hypertension in 53% of patients with AF and a causal linkage in 15% of patients with AF [27] . In our cases, there were sufficient reasons for the development of AF, but 15 patients were being treated for hypertension at the same time ( Table 1) . Recurrence of postoperative AF was seen in 7 (46.7%) cases with hypertension. The recurrence of AF was 5.3 times more frequent in hypertensive cases when compared to non-hypertensive cases.
Our experience and the studies reported in the literature have shown that successful results are obtained if AF ablation is carried out during cardiac surgery. Although there are no clear criteria for patient selection, cases with left atrial diameter ≥50 mm, LVEF ≤ 37%, and heart failure of NYHA class III-IV should be excluded. Nevertheless, in the American College of Cardiology (ACC)/AHA and European Society of Cardiology (ESC)/EHRA guidelines [4] , AF ablation is recommended with a low level of evidence (Class 2b) for cases with medical treatment refractory to symptomatic heart failure and/or atrial enlargement. In our cases, LVEF presented 96.3% sensitivity and 11.4% specificity with a cut-off value of 37.5% (area=0.825; P=0.001; 95% CI 0.711-0.939; Figures 3 and 5 ).
Limitation
Detection of recurrent AF in a longer period may not be possible, since our follow-up period has been limited to 1 year. For this reason, we realize that the most valuable results for the comparison of different energy sources used in Cox maze IV procedure will come from large series with long-term follow-up.
In our single-center nonrandomized trial, it was not possible to eliminate the confounding variables that affect AF recurrence. For this reason, our 1-year follow-up was influenced by factors other than energy sources. However, it is understood from the demographic data that the confounding factors that we have detected do not display nonuniform distribution among the groups (Table 1) .
CONCLUSION
Considering the high incidence and complication rate, persistent AF requires aggressive treatment and follow-up, we believe that it is necessary to perform AF ablation in case of
